A polyphasic taxonomic approach was used to characterize a presumably novel bacterium, designated strain CC-YTH191 T ,
The genus Castellaniella belonging to the family Alcaligenaceae, order Burkholderiales and class Betaproteobacteria, was first proposed by K€ ampfer et al. [1] and reclassified from Alcaligenes defragrans [2] , which showed striking differences to the species assigned to the genus Alcaligenes. At present, there are six recognized species within the genus Castellaniella, including: Castellaniella defragrans [1] , Castellaniella denitrificans [1] , Castellaniella caeni [3] , Castellaniella ginsengisoli [4] , Castellaniella daejeonensis [5] and Castellaniella hirudinis [6] . Members of the the genus Castellaniella have been isolated from environmental samples, such as soil [1, 4, 5] , sludge [2, 3] and the skin of medical leech Hirudo verbena [6] . Cells of members of the genus Castellaniella are Gram-stain-negative, short motile rods with a facultatively anaerobic and denitrifying-type of metabolism. Cells contain ubiquinone Q-8 as the major quinone, phosphatidylethanolamine (PE), diphosphatidylglycerol (DPG) and phosphatidylglycerol (PG) as major polar lipids, putrescine as the predominant polyamine and C 16 : 0 , C 16 : 1 !7c and C 17 : 0 cyclo as the major fatty acids [1, 5, 6 ]. The present study was carried out to clarify the taxonomic status of a Castellaniella-like novel bacterium, designated strain CC-YTH191
T , by using polyphasic taxonomy.
A fermented meal sample was obtained from the local market, aseptically ground and used for the isolation of bacterial strains through the standard dilution-to-extinction plating technique. Ground samples were suspended and serially diluted in 0.85 % NaCl (w/v), placed on nutrient agar (NA, HI-MEDIA) and incubated at 30 C for 2 days. Multiple colonies that appeared were isolated and identified by 16S rRNA gene sequencing. A strain designated CC-YTH191
T was chosen for detailed investigation as it appeared to represent a novel species of the genus Castellaniella due to its low (<97.0 %) sequence similarity with established species. Strain CC-YTH191
T was routinely grown aerobically on NA at 30 C for 2 days and preserved at -80 C in nutrient broth (NB, HI-MEDIA) supplemented with 30 % (v/v) glycerol. C. hirudinis JCM 15515 T and C. ginsengisoli CCUG 62394 T , respectively obtained from the Japan Collection of Microorganisms (JCM) and the Culture Collection, University of Göteborg (CCUG), were used for the direct comparative taxonomic analysis. All strains were grown on NA at 30 C for 2 days, unless specified otherwise.
Bacterial genomic DNA for 16S rRNA gene amplification and the determination of G+C content was extracted from agar plates (NA, 30 C for 2 days) by using a commercial DNA extraction kit (MO BIO UltraClean). The PCR was performed with bacterial universal primers 8F and 1541R [7] . Gene cycle sequencing was performed by using the Bigdye terminator kit [8] and the ABI 3730 Genetic Analyzer (Applied Biosystems). DNA fragments encoding the 16S rRNA gene were assembled using Vector NTI 9.0 software (IBI) and deposited in the GenBank database using the Sequin software tool. The almost-complete 16S rRNA gene amplicon of strain CC-YTH191
T contained 1502 nucleotides. Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved using the EzBioCloud server (www.ezbiocloud.net/; [9] ) and the GenBank database and aligned by using the CLUSTAL_X (1.83) program [10] . Strain CC-YTH191
T shared highest pair-wise 16S rRNA gene sequence similarities with C. hirudinis E103
T and C. ginsengisoli DCY36 T (96.7 % each), followed by Castellaniella caeni Ho-11 T (96.0 %), C. defragrans 54Pin T (95.8 %), C. denitrificans NKNTAU T (95.6 %) and C. daejeonensis MJ06 T (95.5 %). Subsequently, 16S rRNA gene sequences of the genus Castellaniella together with other related species were collected and considered using phylogenetic analysis.
Phylogenetic analysis was performed with the MEGA 6 software [11] by using the Kimura two-parameter model and reconstructed by using 16S rRNA gene sequences with the neighbour-joining [12] , maximum-likelihood [13] and maximum-parsimony [14] methods. An evolutionary distance matrix was calculated using the correction of Jukes and Cantor [15] and evaluated by bootstrap analyses [16] after 1000 replications. The neighbour-joining phylogenetic tree ( Fig. 1 ) revealed a distinct phyletic lineage and a coherent cluster formed by strain CC-YTH191 T tightly associated with the members of the genus Castellaniella with high bootstrap support. The phylogenetic position of new strain was quite stable as evidenced through minimum-evolution and maximum-likelihood algorithms (Fig. S1 , available in the online version of this article). Regardless of different evolutionary comparisons, similar topology was obtained in all phylogenetic trees, which indicated that novel strain CC-YTH191
T was most likely a new Castellaniella species.
Growth at different temperature range was investigated in NB at 4, 10, 15, 20, 25, 30, 37, 40, 42, 47 and 50 C with a 72 h incubation period. The requirement for NaCl was determined using NB medium containing 0-10 % (1 % increment in nutrient broth). Cell growth at various pH T were investigated using the colonies/cells grown on NA. Cell morphology and motility were observed by transmission electron microscopy (JEOL JEM-1400) stained with 0.2 % uranyl acetate as well as by light microscopy (model A3000, Zeiss). Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w/v) N,N,N,N,-tetramethyl-1,4-phenylenediamine reagent (bioM erieux). Flexirubin-type pigments were investigated by using the bathochromatic shift test with a 20 % (w/v) KOH solution [17] . Growth of strain CC-YTH191
T was tested on marine agar (MA, Difco), tryptic soy agar (TSA, Difco) and R2A agar (Oxoid). The Gramstaining experiment was performed as described previously [18] . Hydrolysis of gelatin, starch (1 %), and Tweens 20, 40, 60 and 80 (1 %) was determined as described previously [19] [20] [21] . H 2 S production was checked on both 3 g l À1 Na 2 S 2 O 3 and 0.1 g l À1 cysteine [22] . Acid production from D-glucose was detected by using methyl red and VogesProskauer tests with glucose phosphate peptone medium consisting of 0.5 % glucose, 0.5 % peptone and 0.5 % K 2 HPO 4 (w/v) per 100 ml; a few drops of a solution of 0.04 % (w/v) methyl red in ethanol, VP 1 (40 % KOH) and VP 2 (a-naphthol) reagents were added at intervals as described in the individual experiments. Degradation of DNA was tested using DNase agar (HI-MEDIA), with DNase activity detected by flooding plates with 1 M HCl. Anaerobic growth was tested on NA supplemented with potassium nitrate (0.1 %, w/v) using an anaerobic chamber (COY) filled with H 2 : CO 2 : N 2 (5 : 19 : 76) gas. Oxidation of carbohydrates was determined by using the GN2 MicroPlate system (Biolog). Nitrate reduction, indole production, activities of b-galactosidase and urease, hydrolysis of aesculin and gelatin, and assimilation of different substrates were tested by using API 20NE strips (bioM erieux). API 20NE and API-ZYM strips (bioM erieux) were used to determine the physiological and biochemical properties according to the instructions of the manufacturer.
Colonies of strain CC-YTH191
T were yellowish in colour, raised and circular after 2 days of incubation on NA. Transmission electron microscopy showed that strain CC-YTH191
T was a rod-shaped bacterium without flagellum (Fig. 2 ). Cells were positive for oxidase and catalase activities, but negative for DNase activity and Gram-stain reaction. Cells were able to grow at 15-40 С (optimal 30 С), pH range from 6.0 to 9.0 (optimal 7.0) and withstand/adapt to 1-2 % (w/v) NaCl (optimal 1 %) in NB. No growth occurred under anaerobic conditions in NB supplemented with 0.1 % KNO 3 . Flexirubin-type pigments were not detected. Detailed phenotypic characteristics of strain CC-YTH191
T are given in the species description. Strain CC-YTH191
T showed several distinct physiological and biochemical characteristics; a comparison of strain CC-YTH191
T with some other Castellaniella species is given in Table 1 .
For the investigation of chemotaxonomic characteristics, cells of strain CC-YTH191 T , C. hirudinis JCM 15515 T and C. ginsengisoli CCUG 62394
T were harvested at a similar physiological age with similar growth kinetics. For the extraction of fatty acid methyl esters (FAMEs), strain CC-YTH191
T and the reference strains were cultured simultaneously on TSA for 48 h at 30 C, harvested at exponential phase and subjected to saponification, methylation and extraction [23] . FAMEs were extracted and analysed according to the standard protocol [24] of the Microbial Identification System (MIDI) [25] by using a gas chromatograph (Table 2) . Polar lipids were extracted and analysed by two-dimensional thin-layer chromatography, and total lipids profiles were stained with 10 % ethanolic molybdatophosphoric acid; aminolipids were detected with a 0.2 % (w/v) solution of ninhydrin in butanol; phospholipids were detected with Dittmer and Lester's Zinzadze reagent; glycolipids were detected with a-naphthol spray reagent [26] . The polar lipid profile of strain CC-YTH191
T was characterized by the presence of significant amounts of DPG, PG, PE, an unidentified aminolipid (AL1) and an unidentified aminophospholipid (APL). In addition, a phosphatidylserine (PS) and three unidentified phospholipids (PL1-3) were also found in trace amounts (Fig. 3) . All three strains found to consistently possess DPG, PG, PE, PS, PL1-2 and AL1, while the distribution of two unidentified phospholipids (PL3 and Fig. 1 . Phylogenetic analysis of Castellaniella species based on 16S rRNA gene sequences. Distances and clustering were performed by using the neighbour-joining method with the software package MEGA version 6. Open circles indicate that the corresponding nodes were recovered in the tree reconstructed based on maximum-likelihood algorithm; filled circles indicate that the corresponding nodes were also recovered based on the maximum-likelihood and maximum-parsimony algorithm. Bootstrap values (>50 %) based on 1000 replications are listed as percentages at the branching points.
Fig. 2. Transmission electron micrograph of negatively stained cells of strain CC-YTH191
T after growth in nutrient broth at 30 C for 48 h. Bar, 1.0 µm. PL4), three unidentified aminolipids (AL2-AL4) and an unidentified aminophospholipid (APL1) were heterogeneous. DPG, PG and PE were detected in several Castellaniella species [1, [4] [5] [6] , while PS was exclusively reported in C. hirudinis JCM 15515
T [6] . We showed the prevalence of PS in all three strains analysed in this study, and our overall polar lipid data substantiated the classification of strain CC-YTH191
T as a novel species of the genus Castellaniella.
Cells were cultured on NA for 48 h at 30 C (exponential phase) and prepared to analyse polyamines as described by Scherer and Kneifel [27] by high performance liquid chromatography (HPLC). The dansyl derivatives were separated by using a Hitachi L-2130 instrument equipped with a Hitachi L-2200 autosampler, a Hitachi L-2485 fluorescence detector (excitation at 360 nm and emission at 520 nm) and a reverse-phase C18 column (Phenomenex Synergi Fusion-RP80, 250Â4.60 mm, 4 µm particle size). For analysis of DNA G+C content, DNA samples were prepared and degraded enzymatically into nucleosides as described by Mesbah et al. [28] . The nucleoside mixture obtained was then separated via HPLC (Hitachi L-2130 chromatograph) equipped with a Hitachi L-2200 autosampler, a Hitachi L-2455 Diode array detector and a reverse-phase C18 column (Phenomenex Synergi 4 µm Fusion-RP80 250Â4.60 mm). Isoprenoid quinones were purified according to Minnikin et al. [26] and analysed by HPLC as described by Collins [29] . The DNA G+C content of strain CC-YTH191 T was 62.2 mol%, which is well within the range reported from Castellaniella species (63.5-66.9 mol%) [1, 3] . The predominant respiratory system was quinone-8 (Q-8), which is in excellent agreement with other Castellaniella species [1, [3] [4] [5] [6] . Putrescine was identified as the major polyamine, which T ; 7, C. caeni KCTC 12197 T . +, Positive; À, negative; W, weakly positive; ND, no data available. Data in columns 1-3 were obtained from this study; 4-7 were collected from Glaeser et al. [6] unless specified otherwise. All strains were positive for: nitrate reduction; assimilation of malic acid in the API 20NE system; and esterase (C4), esterase lipase (C8) and leucine arylamidase in the API ZYM system. All strains were negative for: indole production, arginine dihydrolase and urease in the API 20NE system; and lipase (C14), a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase and N-acetyl-b-glucosaminidase in the API ZYM system. 
Enzymatic activities (API ZYM)
Acid phosphatase a, Data from Glaeser et al. [6] . b, Data from K€ ampfer et al. [1] . c, Data from Liu et al. [3] . d, Data from Kim et al. [4] . e, Data from Lee et al. [5] . f, Data from Foss et al. [2] .
is in line with representatives of the genus Castellaniella [1, 3, 5, 6] .
Thus, based on the polyphasic taxonomic data presented here, strain CC-YTH191 T appears to represent a new species of the genus Castellaniella, affiliated to the family Alcaligenaceae within the class Betaproteobacteria, for which the name Castellaniella fermenti sp. nov. is proposed.
DESCRIPTION OF CASTELLANIELLA FERMENTI SP. NOV.
Castellaniella fermenti (fer.men¢ti. L. neut. gen. n. fermenti, of a fermentation process).
Colonies are yellowish, circular, raised and 1-2 mm in diameter after incubation for 2 days on nutrient agar. Cells range from 2.3 to 2.6 µm in length and 0.9-1.2 µm in diameter. Flagella are not observed by transmission electron microscopy. Cells are positive for oxidase and catalase activities but negative for DNase activity. The growth temperature range is C; optimum growth occurs at [25] [26] [27] [28] [29] [30] C. The pH range for growth is 6.0-9.0; optimum growth occurs at pH 7.0. Tolerates NaCl concentrations of up to 2.0 % (w/v) (optimal 1 %). Acid production is not observed in the Voges-Proskauer test. Gelatin, starch and Tweens 20, 40, 60 or 80 are not hydrolysed. Nitrate is reduced to nitrite. Positive for oxidation of pyruvic acid methyl ester, succinic acid mono-methyl-ester, acetic acid, a-hydroxybutyric acid, b-hydroxybutyric acid, g-hydroxybutyric acid, p-hydroxy phenylacetic acid, a-keto butyric acid, a-keto glutaric acid, a-keto valeric acid, D,L-lactic acid, propionic acid, succinic acid, bromosuccinic acid, succinamic acid, D-alanine, Lalanine, L-alanyl-glycine, L-asparagine, L-glutamic acid, glycyl-L-glutamic acid, hydroxy-L-proline, L-leucine, L-proline, L-pyroglutamic acid, L-serine, L-threonine and g-amino butyric acid; assimilation of malic acid; acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, naphthol-AS-BI-phosphohydrolase and a-fucosidase are present. The major fatty acids are C 16 : 0 , C 17 : 0 cyclo, summed feature 2 (C 14 : 0 3OH/C 16 : 1 iso I) and summed feature 8 (C 18 : 1 !7c/C 18 : 1 !6c). The major polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol and an unidentified aminophospholipid. In addition, phosphatidylserine, three unidentified phospholipids and an unidentified aminophospholipid are also found in trace amounts. The main polyamines are putrescine and spermidine, and the respiratory quinone is Q-8. 
